This study aimed to purify and identify a novel antidiabetic peptides from Chinese giant salamander (Andrias davidianus) protein hydrolysate and to evaluate its anti-diabetic properties against α-amylase and α-glucosidase. The isolation was done by gel filtration, reverse phase chromatography (RF-HLPC), and finally peptide and amino acid sequences were identified by LC/MS/MS system. Our results revealed five novel peptides that strongly inhibited α-amylase and α-glucosidase. The peptides' amino acid sequences were Cys-Ser , and 2.86 × 10 3 µg/mL, respectively; and for α-glucosidase with IC 50 of 206. 00, 162.00, 66.90, 63.50, and 42.93 µg/mL, respectively. Intriguingly, the peptide LGGGN showed higher inhibition on both α-amylase and α-glucosidase and could be considered as a potential anti-diabetic inhibitor.
Introduction
Diabetes mellitus is one of the metabolic disorders which draw greater health concern worldwide due to its prevalent and fastest increase. [1, 2] Typically, type 2 diabetes accounts 90-95% cases are anticipated to reach 221 million [3] or 366 million by 2030 [2] . Several reasons contribute to the persist and quick raising of this chronic disease owing to the genetic or acquired insulin secretion deficiency marked by diminishing of the pancreatic islet responsiveness in insulin production. This incompleteness results in a high level of plasma glucose and consequently lead to the distortion of the immune system, blood vessel, and nerve. [4, 5] Moreover, lifestyle change associated with bad eating habits, less exercise, and aging is another hallmark for the ever-increasing of diabetic especially type 2. [3] Therefore, paying more attention in diagnosis and assure suitable treatments is required to prevent or reduce diabetes-related short-term consequences and complications such as eye sight problem, tiredness, and hyperglycemia and long-term ones like chronic renal failure, cardiovascular disease, and neuropathy. [6] Different ways have been recommended to treat diabetes ranging from natural and synthetic way by taking chemical drug such as acarbose and metformin, change of life style by proper intake of diet and emphasize retinue exercise to control blood pressure and body over weight. [6, 7] All these factors are linked in controlling blood sugar which is an essential part of managing diabetes; however head-to-head comparison of diabetes medications showed severe drawbacks. [8] To a considerable degree, researchers have focused on searching for anti-diabetic compounds from natural materials which could act as an anticatalyst to compete with α-amylase and α-glucosidase that can prevent hyperglycemia without any side effects. [9] Consistently, repression of these enzymes has been medically adopted to slow down glucose absorption resulting in inhibition of postprandial hyperglycemia. Nevertheless, restraint in carbohydrate digestion by the application of natural inhibitors is still considered as an alternative treatment for diabetes. [6] Food derived bioactive peptides as natural materials are adequate for inhibiting α-amylase and α-glucosidase satisfactorily with more other additional effects including antihypertensive, antioxidant, anti-microbial and anti-proliferative. [10] [11] [12] [13] [14] [15] [16] Enzyme hydrolysis is the promising technique in the production of bioactive peptide with higher activities compared to its precursors. Many studies underlying the beneficial and mechanism of the bioactive peptide in type 2 diabetes prevention have been elucidated. [5, 17] For instance, anti-diabetic peptide from animal source comprises Sardine, [18, 19] Shark liver, [20] Atlantic salmon skin gelatin, [21] Silver Carp, [2] Cocoon and Silkworm, [22, 23] Egg white, and Yolk. [6, [24] [25] [26] Notably, a numbers of studies have suggested plant like Guava leaves, [27] Selaginella tamariscina, [28] Phaseolus coccineus, [29] and Nepalese medicinal Bergenia ligulata [4] to have antidiabetic properties. Based on previous research findings there is no report on anti-diabetic compounds from Chinese giant salamanders (Andrias davidianus). Therefore, the present study report the isolation and identification of the bioactive peptides from Andrias davidianus muscle obtained through enzymatic hydrolysis. The α-amylase and α-glucosidase inhibitory activity is evaluated by anti-diabetic test, followed by prediction of chemical sequences of bioactive peptides which could be used in the management of type 2 diabetes.
Materials and methods

Materials
L Alcalase from
Bacillus licheniformis with activity of 2.4 AU/g and Trypsin (EC 3.4.21.4) from porcine pancreas were purchased from Sinopharm chemical reagent Co., Ltd and Flavorzyme from Aspergillus oryzae was purchased from Sigma-Aldrich Co., Ltd. All these enzymes were used to prepare the protein hydrolyses with deference conditions. Male healthy Chinese giant salamanders (Andrias davidianus) with three or four years old, body length of 70-100 cm and 4 kg of weight was provided by Yangzhou Rongda Agricultural Science and Technology Co., Ltd (Jiangsu, China). All chemicals used were analytical reagent grade.
Determination of chemical composition
Chemical composition (protein content, fat ash and moisture) was examined according to the method of (AOAC 1990). Protein content was determined by Kjeldahl method using 6.25 nitrogen protein conversion factor as described by the method of [30] with slight modifications. The total lipid content was determined using the Soxhlet extraction method with petroleum ether. Moisture content was examined by evaporation method under 150ºC until an unchanged weight recorded. The total ash content was examined by heating sample to constant mass with muffle furnace at a temperature of 550°C. All analysis was performed in triplicate.
Preparation of protein hydrolysates (PH)
Protein hydrolysates was prepared by three different selected enzymes under temperature and pH conditions (Table 1) in connected jacketed reaction vessel of 250 mL equipped with stirrer (IKA C-MAG HS 4 S25) and a super constant temperature stirring thermostatic water baths (Shanghai Blue pard Yiheng Technical Co., Ltd). Before addition of enzyme, slurry was homogenized and adjusted to the desired pH and temperature which were kept constant for all enzyme hydrolysis followed by the reaction of 420 min. Subsequently, the aliquot of 10 mL were drawn every 60 min from the reaction mixture to examine the degree of hydrolysis. To inactivate the enzyme, the solution was heated, centrifuged at a speed of 10,000 rpm at 4 ºC for 15 min, and finally supernatants were dialyzed and freeze dried to get pulverized hydrolysates prior for incubation at −20 until further analysis.
Determination of degree of hydrolysis
Degree of hydrolysis is described as percentage of free amino group cleaved from protein, which is measured from the ratio of α-amino nitrogen (AN) and the total nitrogen (TN). [30] The AN was examined using the method of formal titration as reported previously [31] with slight modifications, equal amount of sample solution (PH) and water 10 mL (w/w) was mixed and adjusted to pH 7.5 using 0.1 M NaOH followed by 10 mL of formaldehyde 38% (v/v) and left for 5 min in room temperature. Titration was conducted to the end point at the pH 9.0 using standard NaOH solution and the volume consumed was used to calculate the amount of free amino group. DH was calculated by dividing amount of free amino acid group and the total amount of nitrogen. All Analysis were performed in triplicate.
Separation of peptide by column chromatography
Powdered hydrolysates was fractioned by gel chromatography equipped with detector (DH-3000) and pump (DH-A) Shanghai Jiapeng Technology Co., Ltd with Sephadex G 25 gel (GE healthcare Life science) load in column 1.6 × 100cm. Pre-equilibration was done by double water and calibrated with lyophilized powder Bovine Serum Albumin as a gel filtration molecular weight standard with molecular weight of 66 kDa (Sinopharm Chemical Reagent Co., Ltd). Then, the hydrolysates of 10 mg/mL was eluted at 1.0mL/min and 220 nm absorbance. Fragments were collected according to molecular weight, lyophilized and kept under −20°C prior for further study. Meanwhile, all the fractions were analyzed for anti-diabetic activity.
Determination of peptide molecular weight distribution
The fractions obtained from gel filtration chromatography were subjected to high performance liquid chromatography (HPLC) to determine their molecular weight distribution on each fraction. This parameter indicates how well hydrolysis of protein occurred and its association with bioactive peptide fractions (Chen, Chi et al. 2011). Analysis was carried out by HPLC (Waters 600) with column TSKgel 2000 SWXL 300mm×7.8mm and mobile phase acetonitrile/water/trichloroacetic acid (TCA) of 45/55/0.1(V/V), respectively. Before injection of the sample, the fractionated powder was dissolved in mobile phase buffer, centrifuged for 15 min at 10,000 rpm and then filtered with 0.45 µm membrane. Subsequently, the sample was eluted at 0.5mL/min flow rate and monitored with 220 nm UV monitor and column temperature of 30°C. As standards, Cytochrome C MW 12384 Da, Bacitracin MW 1450 Da, Gly-Gly-Tyr-Arg MW 451Da, and Gly-Gly-Gly MW189 Da were used to prepare calibration curve of molecular weight peptide
Determination of amino acid composition
Higher active peptide fraction was analyzed for the amino acid composition using amino acid analyzer. Briefly, 6 N hydrochloric acid was used to hydrolyzed the sample (100 mg) for 24 h which were put in the nitrogen sealed tube and incubate in oven under 110°C. Then, the mixture was neutralized in 3.5 M NaOH, balanced with 0.02 HCl (pH 2.2) and then filtered by hydrophilic 0.45 nm membrane. Finally, 0.4 mL solutions were analyzed by amino acid analyzer (Hitachi L-8800, Tokyo, Japan). Amino acid content was expressed as the number of residues/1000 residues.
Purification of peptide by high-performance liquid chromatography (RP-HPLC)
Fraction exhibiting high anti-diabetic inhibition in gel filtration was further purified by analytical RP-HPLC with C18 column Xselect TM CSH130 (4.6 × 250 cm) at the flow rate of 1 mL/min with linear gradient of 0.1% acetonitrile containing 0.0065% TFA to 20% acetonitrile containing 0.05% TFA in 35 min, 20% acetonitrile containing (0.05% TFA) to 80% acetonitrile containing (0.05% TFA) in 10 min, 80% acetonitrile (0.05 TFA) to 2 acetonitrile (0.065% TFA) in 10 min, sequentially. Eluted peptide fractions were detected at 280 nm and active fractions with different retention time were collected, lyophilized and sequenced for amino acid. Fraction with desired peaks were verified by α-amylase and α-glucosidase inhibition assay after removal of acetonitrile by evaporation.
Identification of purified peptides by LC/MS/MS
The identified peptides were analyzed by LC/MS/MS following the method of [4, 32] with slight modifications. The LC/MS/MS is equipped with an Agilent 1200 HPLC system and 4000 Q-Trap mass spectrometer. An isocratic mobile phase was consisted of 70% acetonitrile (B) and deionized water with 0.1% trifluoroacetic acid (TFA) (A). The gradient elution program initially started from 10% B and followed by a linear gradient to 100% B in 10 min. The total mobile phase flow rate was set at 1 mL/min. Acquisition method is comprised of an information dependent data acquisition (IDA) scan cycle including an enhanced mass scan (EMS) as survey scan, an enhanced resolution scan (ER) to confirm change state and two dependent enhanced product ion (EPI) scans. With the threshold of ion intensity at 5500 counts per second (cps), the IDA criteria were set to allow the most abundant ion in the EMS scan to trigger the EPI scans. To minimize possible fragmentation in EMS, collision energy was set at 5 eV and the collision induced dissociation (CID) gas was set at low. The scan range or EMS was set at 275-1000 m/z. The dependent EPIs scan range of 275-1000 m/z; including setting for CID gas at 55 eV (GS 1) and 60 eV (GS 2) was used for the collision energy. The speed of EMS and EPI scans were recorded at the speed of 4000 Da/s.
Α-amylase inhibitory activity
The α-amylase inhibitory assay was conducted according to the method of [33, 34] with slight modifications. Aliquots of 1.0 mL of α-amylase solution (1 unity mL −1 , distilled water) was pre-mixed with 1.0 mL of sample solution at different concentrations (in 10 5 DMO). After 15 min incubation, 1% starch solution in 0.1 M phosphate buffer (pH 6.9) was added to start the reaction. This reaction was carried out at 37.5°C for 5 min and terminated by adding 600 µL dinitrosalicylic acid (DNS), a color reagent. The mixture was boiled for 15 min, cooled down at room temperature and then α-amylase activity was measured at 540 nm by spectrophotometer (Shimadzu, and Tokyo Japan). Inhibitory activity was calculated using equation 1.
where: A; optical density of reaction blank, which is the mixture containing same volume of buffer instead of sample and B; optical density of the reaction in the presence of both α-amylase and sample.
Α-glucosidase inhibitory activity
This assay was conducted according to the method of [35, 36] with slight modifications. 7.5 µL Aliquots of the α-glucosidase solution (10 unity mL −1 0.1 M phosphate buffer pH 6.8) was pre-mixed with 15 µL of sample solution at different concentrations (in % DMSO) in 620 µL of 0.1 M phosphate buffer (pH 6.8). Then, incubation at 37.5°C for 20 min followed and 15 µL of p-nitro phenyl glucopyranoside (pNPG mM) was added as substrate to the mixture to start the reaction. The reaction mixture was incubated at 37.5°C for 30 min, followed by addition of 850 µL of 1.0 M Na 2 CO 3 solution to terminate the reaction. The amount of released product (p-nitro phenol) was measured at 410 nm using a UV/Visible spectrometer (Ultrospec 2100 pro Amersham Bioscience UK Ltd) to estimate the enzyme activity. Inhibition activity was calculated using equation 2.
where: A; optical density of the reaction blank, the reaction mixture containing the same volume of buffer instead of sample and B; optical density of reaction in presence of both α-glucosidase and sample.
Statistical analysis
The presented data were obtained from triplicate samples and subjected to analysis of variance (ANOVA) and each value is expressed as mean ± standard deviations. Analysis of variance was carried out by SPSS program (version 19.0) at p < 0.05.
Result and discussion
Degree of hydrolysis
Values of degree of hydrolysis (DH) produced from different protease enzymes in different conditions show significance correlation with enzyme concentration and time ( Figure 1 ). The muscles' proteins with proximate composition (Table 2) were hydrolyzed for 7 h to produce comparable value of DH from 7% to 67%. The results show that there DH increases significantly with the increase of enzyme concentration and time Figure 1A . It is noteworthy that 0.04 enzyme/substrate ratio (E/S) shows the lowest DH compared 0.06 E/S and 0.1 E/S concentrations which produce the maximum DH value of 67.79%. Flavorzyme for example yielded the lowest 14.82% DH followed by Alcalase 17.84% DH, correlating with previous report. [37] As shown in Figure 1B , there were a sharp increasing in DH at the first 3 h, and this increase was directly proportional to the time of hydrolysis, but after that, the rising remained nearly constant. Trypsin in 0.1 E/S accounted the higher activity offering the maximum DH of 67% Figure 1C . Protein hydrolysates produced by this condition were used to conduct α-amylase inhibitory activity assay in every hour time-point during hydrolysis. As shown in Figure. 1D , the highest alpha amylase inhibitory activity was 55.193% at 6 h of reaction time . For this result protein hydrolysates prepared by Trypsin 0.1 E/S was used for further study using gel filtration chromatography.
Separation of peptide by size exclusion chromatography and molecular weight distribution
Three distinctive peptide peaks namely fraction I, II and III ( Figure 2) were separated from Andrias davidianus protein hydrolysates using Sephadex G-25 gel chromatography. The molecular weight distribution of Andrias davidianus protein hydrolysates peptide fractions hydrolysed by Trypsin 0.1 E/S in 7 h was determined by HPLC showing abundance distribution of peptide molecular weight of all fractions with a molecular mass below 1000 Da (Figure 3) . For fraction I, II and III molecular weight peptides were distributed at 698-1318 Da (40.53%) and 316-689 Da (76.96%), 256-643 Da (65.85%) and 138-256 Da (89.78%), and 242-640 Da (52.8%) and 135-242 Da (94.26%), respectively. These results demonstrate that fraction II were more active the highest activity compared to other fractions (Table 3) Amino acid profile
The analysis of amino acids content of hydrolysate of fraction II (Table 4) showed that essential and non-essential amino acid are both present in adequate amount. However, the essential amino acid were higher than the suggested by FAO/WHO for children requirement [37] In the total amino acids content, hydrophilic amino acid tend to dominate the hydrophobic ones. In one hand, Glutamic acid, an aliphatic amino acid accounted higher amount with 102.4 g/kg followed by arginine (94. followed by proline (45.2 g/kg), isoleucine (43.7 g/kg), valine (40.4 g/kg), glycine (33.6 g/kg), alanine (28.4g/kg), phenylalanine (27.6 g/kg), methionine (23.2 g/kg), and tyrosine (18.1 g/kg). The results of amino acids analysis showed that there are higher quantities of glutamic acid, leucine, isoleucine, arginine, serine, threonine, valine, and alanine suggested that protein hydrolysate Figure 2 . Separation of anti-diabetic peptides from Andrias davidianus protein hydrolysate ultrafiltration fraction by Sephadex G 25 gel filtration load in column 1.6 × 100 cm column. Sample was eluted with water at flow rate of 1 mL/min in the 220 nm wavelength region. Three peptide fractions were obtained according to molecular size distribution, fraction I, II, and III were eluted. of Andrias davidianus could have bioactive peptide inhibiting α-amylase activity together with α-glucosidase activity since these amino acid are associated with regulation and secretion of insulin.- [13, 38, 39] These amino acids, under suitable state enhance insulin secretion from primary islet cell and β cell lines. [40] The study reports revealed that amino acids such as leucine and arginine may play a critical role in enhancing insulin secretion by allosteric activation of metabolism or membrane depolarization, or a combination of these possibilities. [39] Various in vitro studies suggested that incubation of pancreas β-cells with Arginine, phenylalanine, leucine and Glutamic acid exhibited strong insulinotropic effects. [9, 41] These results confirmed that specific amino acid from Andrias davidianus protein hydrolysates could have influence in the metabolic secretion of insulin from pancreatic β-cell in vivo and in vitro.
Isolation and purification of bioactive peptides
The RP HPLC purification employing C18 column resulted in 14 peptide peaks (figure not shown). These peaks were collected, concentrated, freeze dried and then examined for anti-diabetic activity. Among all fractions assayed by α-amylase and α-glucosidase only four peaks responded to inhibition and the activities were above 50%. The fractions that had activity were fraction one (F1), fraction two (F2), fraction three (F3), fraction four (F4), and fraction eight (F8). The F8 were found to have the significant highest anti-diabetic activity while F1 accounted the lowest anti-diabetic activity compared to all fractions.
Amino acid sequence and characteristics of purified peptide Table 5) .
Activity of peptide against α-amylase
The α-amylase inhibitory activities of the peptide sample were evaluated ( Table 3 ). The inhibitory activity at IC 50 of the fractions indicate that the F8 (2.862 × 10 3 µg/mL) had the highest activity compared to other fractions followed by F4 (4.234 × 10 3 µg/mL), F33 (4.460 × 10 3 µg/mL), F2 (10.824 × 10 3 µg/mL) and F1 (13.760 × 10 3 µg/mL), respectively. The peptide sequence of F8 were LGGGN composed of Leu (68%), Gly (68%), Gly (63%), Gly (63%), Asn (77%) amino acids with 81% purity. Other peptide sequence followed, whereby F4 peptide sequence was PGGP containing Pro (100%), Gly (90%), Gly (90%), Pro (99%) amino acids and its purity was 96%. The F3 peptide sequence were SAAP with Ser (68%), Ala (68%), Ala (78%), and ProM (79%) amino acids and exhibiting purity 83% of purity. The F2 peptide sequence were YSFR having Tyr (97%), Ser (83%), Phe (82%), Arg (89%) amino acids, and purity of 93%. Finally, the F1 peptide sequence were CSSV with Cys (91%), Ser (91%), Ser (89%), Val (89%) amino acids with purity of 97%. This peptide CSSV contained higher purity among all sequences while LGGGN was characterized by the least.
Property of α-glucosidase inhibitory activity
In this assay, all fractions exhibited inhibition capacity of 50%, where peptide PGGP ( Figure. 3) dominated all fractions having significance IC 50 value of 63.5 µg/mL which is five times lower than the original hydrolysate. The amino acid sequence of this peptide contained Gly (90%) and Pro (99%) amino acids. The presence of high Gly in this sequence could be the possible course of α-glucosidase inhibition consistent with other reports in that several amino acid can act as α-glucosidase inhibitors. [23] Contrary, most of the α-glucosidase inhibitors are sugars or sugar derivatives. [5] However, the most active compounds with antidiabetic potential were isolated in different materials like Try-Tyr-Pro-Leu peptide from Sardine muscle hydrolysate, [42] Gln-Pro-GlyArg from silkworm pupae with amino acid sequence and peptide KLPGF from albumin hydrolysate.- [43] Nevertheless, mechanisms by which protein hydrolysates, bioactive peptides and amino acids control glucose levels is still elusive owing the involvement of complex series to archive the goal of inhibition or regulation of glucose uptake in peripheral tissue. Thus, this results provide considerable and intense demand for further study.
Conclusion
In conclusion, purification and characterization of derived peptides from Andrias davidianus protein hydrolysate conducted by enzyme hydrolysis, size exclusion chromatography and RF-HPLC leading to sequencing of five distinguished peptides namely CSSV, YSFR, SAAP, PGGP, LGGGN, and all peptides exhibited antidiabetic activity. Furthermore, we demonstrated that the peptide LGGGN had higher significance inhibitory activity on both α-amylase and α-glucosidase while the peptide PGGP particularly had the highest α-glucosidase inhibition. This study suggests that the bioactive peptides from Andrias davidianus are appropriate candidate toward investigating anti-diabetic compounds from natural food source. Thus, focus to unveil pharmacological and biochemical mechanisms of action of these peptides on diabetes management both in vivo and in vitro is of great importance.
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